Using data from different health centers can provide more accurate knowledge of the survival prognostic factors and their effect on the patient's survival. In this multicenter study, we aimed to investigate the role of prognostic factors on breast cancer survival with large data set.
Introduction
Breast cancer is the second most common type of cancer after lung cancer. About 1 in 4 (24.2%) of all new cancer cases diagnosed in women worldwide is breast cancer. Breast cancer is also the leading cause of cancer death in women (15.0%), followed by lung cancer (13.8%) and colorectal cancer (9.5%). 1 As the most prevalent type of cancer among women in Iran, breast cancer accounts for 24.4% of malignancy among women with a crude incidence rate of 17.4 per 100 000. 2 In the 5-year survival analysis, breast cancer survival rates vary greatly worldwide, ranging from 80% in high-income countries to less than 40% in low-income ones. 3 In Iran, the survival rate of breast cancer has been reported to be 70%. 4 Awareness of the prognostic factors associated with the survival in breast cancer plays an important role in the process of treatment and patient care. Several studies have proposed various survival prognostic factors in breast cancer. Age at diagnosis, stage of the disease, number of involved lymph nodes, tumor size and grade, type of auxiliary treatment (radiotherapy, chemotherapy, hormone therapy), metastasis, and recurrence are among these factors. 5, 6 Various studies have been performed in Iran to determine the factors affecting the survival in breast cancer patients and estimate the survival time. [7] [8] [9] [10] However, the factors identified in each study have been different from other studies and the extent of the effects of some of these factors has also been controversial. For example, the effects of the type of surgery (modified radical mastectomy [MRM] and breast conservation surgery [BCS]), chemotherapy, and radiotherapy on the survival of patients are the most discussed issues in recent years. [11] [12] [13] Using data from different health centers can provide more accurate knowledge of the survival prognostic factors and their effect on the patient's survival. The data structure of these studies is heterogeneous due to the treatment of patients in different centers or being under the care of different physicians or similar 2 Breast Cancer: Basic and Clinical Research reasons; such that intra-center patients have a relatively high correlation and the inter-center ones have a low correlation. Ignorance of this issue can cause errors in identifying the prognostic factors and their effects. Conventional survival analysis models, such as the Cox proportional hazards model, ignore the effects of correlations and lead to an overestimation of model parameters. One of the well-known models that are used to model the clustered correlated data is shared frailty model. 14 A shared frailty model is a random effects model for time-to-event data, where the random effect (the frailty) has a multiplicative effect on the baseline hazard function. The effect of inter-center distinction and intra-center correlation can be controlled by frailty term. In this model, we assume that persons in the same center share the same frailty term. The frailty term is random and therefore a frailty distribution needs to be specified in the frailty model. The standard assumption is to use a gamma distribution for the frailty, but other distributions are also possible. 15 Early considerations of these models can be found in Clayton 16 and Clayton and Cuzick 17 and extensively studied in Hougaard, 18 Therneau and Grambsch, 19 Duchateau et al, 20, 21 and Duchateau and Janssen, 22 and much of the development in this area stems from the extension of methods used to measure correlation in bivariate survival data with arbitrary individual hazard functions (including Cox models). 16, 17 In this study, we used the patients' data from 4 different health centers in Tehran. These health centers include the private and public centers, and there are differences in treatment facilities and treatment teams. We used the shared frailty model to control center effects and estimate the survival of breast cancer patients and determine the prognostic factors affecting the survival of breast cancer.
Materials and Methods
In this historical cohort study, the data set was collected as a secondary data and it contains information on 1785 breast cancer patients without any missingness, (based on the diagnosis of breast cancer pathology) referring to 4 breast cancer research centers in Tehran, Iran, between 1997 and 2013 who completed the follow-up period. The median follow-up time in the 2 centers of C and D was 65.70 and 51 months, and in centers A and B, follow-up time was 22.32 and 29 months, respectively. The median follow-up time in total data was 29.71 months with the interquartile range of 19 to 61 months.
The event is death from breast cancer, and all other deaths are regarded as censored observations. The survival time was defined as the duration (months) from diagnosis to death due to breast cancer. Age at diagnosis (year); tumor characteristics including size of tumor (>2 cm, between 2 and 5 cm, > 5 cm), the number of lymph nodes involved (no lymph nodes, 1-3 lymph nodes, 4-9 lymph nodes, and >9 lymph nodes), grade of malignancy (grades 1-3), and type of surgery (MRM or BCS); and auxiliary treatment of chemotherapy, radiotherapy, recurrence, and metastasis were the prognosis factors considered in this study.
In our study to investigate the relation between the survival time and risk factors, first, the Cox proportional hazard model was used for each center separately and for total data without considering centers. In the second model, Cox model with center term as covariate was used and in the third model a shared frailty model with a gamma distribution for center term as random effect (frailty term) was used.
The Cox proportional hazard is the most common method for analyzing the effects of several variables on survival time. In this model, the hazard function for individual i is written as 14 In multicenter studies, outcomes are typically more heterogeneous. Heterogeneity usually arises because individuals in the same center are related to each other and each center is different due to variations in patients as well as provider care and other latent factors can be different in centers. Heterogeneity decreases the power to detect important risk factors and can introduce bias into the analysis. Ordinary methods like Cox model implicitly assume that populations are homogeneous, meaning all individuals have the same risk of death. Heterogeneity between centers in multicenter studies with time to event outcome can be modeled by the shared frailty model. A shared frailty model is a random effects model for time-to-event data, where the random effect (the frailty) has a multiplicative effect on the baseline hazard function and frailty is defined as a measure of the relative risk which individuals in a group share. 15, 20 In this situation, individuals j in a center i are supposed to share the same frailty Z i . The conditional hazard for individual j in center i is
is the Cox model. The Z i are independent identically distributed following a chosen distribution. Many distributions can be chosen for the frailty, but the most common frailty distribution is the gamma distribution. From a computational and analytical point of view, the gamma distribution is convenient because it is easy to derive the closed-form expressions of survival, density, and the hazard function. The model assumes that all time observations are independent given the values of the frailties. In other words, it is a conditional independence model. The value of Z is constant over time and common to the individuals in the center and thus responsible for creating dependence. The interpretation of this model is that the between-centers variability (the random variation of Z ) leads to different risks for the centers, which then show up as dependence within the centers. 14 The variance of Z is interpretable as a measure of heterogeneity across the population in baseline risk. When it is small, then the values of Z are closely concentrated around one.
If it is large, then values of Z are more dispersed, inducing greater heterogeneity in the individual hazards. 14 To compare the efficiency of models, Akaike information criterion (AIC) was used. 23 The likelihood ratio test was used to test significantly frailty variance from zero. The proportional hazards assumption was investigated using a Schoenfeld residual test. Distributions of characteristics were compared using chi-square test (for categorical variables) and the analysis of variance (ANOVA) test (for continuous variables). The adjusted P values (with the Benjamini and Hochberg 24 procedure for multiple comparisons) less than .05 was considered to be significant. The analysis was performed using STATA, version 12.
Results
The center-specific number of patients studied, the number of deaths, follow-up times, and survival quartiles are provided in Table 1 by different centers; 800, 393, 413, and 179 (in total, 1785) patients were studied from the 4 health centers A to D. During the follow-up period, 337 (18.9%) patients died from breast cancer and 1448 (81.1%) survived, so 17.9% died in center A also D, 12.7% in center B, and 27.1% in center C.
Number (percent; mean [standard deviation] for continuous variables) of the studied variables by the centers and P value of Pearson chi-square test (P value of ANOVA test for age) are presented in Table 2 . Characteristics of the study population by survival status (number (%); mean [standard deviation] for continuous variables) who died are presented in Table 3 . The mean (standard deviation) of age at diagnosis was almost the same in all centers and in total data was 48.78 (12.63 According to the survival curve ( Figure 1A) , the 1-, 3-, 5-, and 10-year survival rates were 96%, 84%, 76%, and 58%, respectively. Figure 1B shows the survival rate estimation by the Kaplan-Meier method in the different studied centers. During the first 100 months of follow-up, center A has a lower survival curve than 3 other centers.
The assumption of proportional hazards was confirmed in Cox models at the significance level of 0.05. The results of the Cox model by centers and Cox model for all centers are provided in Table 4 , and the results of the Cox model with the center term as covariate and a shared frailty model with a gamma distribution for center term as random effect (frailty term) for total data are provided in Table 5 . Age at diagnosis in B and C centers was significant, and the hazard of death increases by 1.02 with every year (for both centers). The hazard of death reduces 0.624 times with the BCS compared to MRM method significantly, in shared frailty model, and it reduces significantly 0.510 times in center A. Radiotherapy at B and C centers and in shared frailty model was significant and reduced the hazard of death 0.662 times compared to those who did not receive this treatment. In shared frailty model, metastasis increased the hazard of death significantly by 5.384 times. In centers A to D, the hazard ratio of death in metastatic patients was 6.535, 10.784, 3.182, and 5.575, respectively. The increase in the number of involved lymph nodes increased the hazard of death. In shared frailty model, the hazard of death in the patients with 1-3, 4-9, and above 9 involved nodes was 1.694, 1.947, and 2.336 times the patients with no involved nodes. In the examination of the tumor grade, the hazard of death for patients with grade 3 tumors was 2.512 times the grade 1 tumor, and the grade 2 tumor than grade 1 had a statistically significant effect on the survival of patients with hazard ratio of 1.670.
Obtained results of comparing 3 models such as Cox model, Cox model with the center term, and shared frailty model indicated that the hazard ratio and confidence intervals changed. Chemotherapy and recurrence were significant in the Cox model while were not significant in the shared frailty model, but recurrence was significant in the Cox model with center term; also center term was significant (P value = .002) in this model. Shared frailty model had AIC less than 2 other models. In the shared frailty, variance of frailty term (0.0369; SE = 0.0364) was significantly different from zero using the likelihood ratio test, and it affirmed that there was significant variability between the centers (P value = .021).
Discussion
In this study, we used the data collected from 4 health centers in Tehran, Iran, to investigate the effect of prognostic factors of survival. As the data were collected from different centers, in addition to the covariates considered, other factors such as treatment methods, conditions of patients referring to each center, and therapeutic equipment cause a correlation between patients at each center. Disregarding this correlation in the modeling leads to a biased estimation of the effects of the factors studied. A shared frailty model considers this correlation to control the effects of ignoring factors, by extending the Cox proportional hazard model. A frailty term is taken into account for every center in this model so that it can relate the unobserved shared frailty to the hazard function dispersion due to inter-center and the intra-center correlations. 25 The term "Share" in this type of modeling means that there is a common effect in each center which is constant over time. 26 We used the data collected from 4 centers with at least 179 patients in each center; therefore, according to Govindarajulu and Malloy, 27 we have enough power in using a shared frailty model to analyze breast cancer data. The results of total data obtained using the shared frailty model (assuming gamma distribution for frailty) showed that the type of surgery, number of nodes involved, metastasis, radiotherapy, and tumor grade are the prognostic factors of survival in breast cancer. The frailty term had a significant effect on the model, which shows the necessity of using the frailty model to control the changes between the centers due to unconsidered covariates. In the separate analysis centers by the Cox model, in center A, the type of surgery, number of nodes involved, and the grade 3 tumor; in center B, age, radiotherapy, metastasis, and between 1 and 3 involved nodes; in center C, age, radiotherapy, recurrence, metastasis, size of the tumor, and grade 3 tumor; and in center D, chemotherapy, metastasis, and lymph nodes involved were significant.
Among the significant factors in this study, the effect of the surgical method on the survival of breast cancer patients is one of the most addressed issues in recent studies. Our study showed that the hazard of death in BCS surgery for women with breast cancer is less than the hazard of death due to MRM, which is consistent with the results of similar studies. [28] [29] [30] In the study of Hofvind et al., 31 by controlling other factors, the hazard of death in MRM is 1.7 times higher than BCS. In a similar study, Hartmann-Johnsen et al. 30 provided similar results for women aged 50-69 years by controlling other factors. Meanwhile, there has been no significant difference between the 2 surgical methods in the study of Quan et al. 12 In the study of Baghestani et al. 32 in Iran, with univariate analysis, the surgical method had a significant effect on survival; however, in multivariate analysis, by controlling other factors, there was no significant effect.
In our study, more involved lymph nodes increased the hazard of death significantly. In Iran, in the study by Movahedi 7 et al. 33 on 623 patients with breast cancer, involvement of lymph nodes was associated with a decrease in the survival rate of patients under study. Faradmal et al. 10 and Nematolahi et al. 34 presented similar results, using the shared frailty model (to control the effect of hidden factors) and a Bayesian model, respectively. In our study, metastasis was one of the most important and effective factors in reducing the survival of breast cancer patients. Metastasis increased the hazard of death by 5.384 times. In other studies, metastasis has been one of the most important factors affecting the survival of breast cancer patients. [34] [35] [36] A systematic review stated that with metastasis, the survival probability is . 18. 37 In Iran, Rezaianzadeh et al. 38 showed that metastasis to the bones and the lung increases the hazard of death by 2.25 and 3.21 times, respectively. In a study by Karimi et al., 39 the survival rate of patients without metastasis was twice that of metastatic patients.
Cancer patients receive different auxiliary therapies after surgery, which can affect the survival of the patient, recurrence of the tumor, and the incidence of metastasis. In the present study, radiotherapy decreased the hazard of death in patients who received this treatment compared to others. Several studies have shown that the hazard of recurrence can be reduced with radiotherapy by BCS. 40, 41 The study of Daugherty et al. 11 suggested that radiotherapy enhances survival. Eighteen studies in the systematic review by Whelan et al. 42 showed that radiotherapy reduces the hazard of death.
In our study, grade 2 and 3 tumor increased the hazard of death compared to grade 1. Also, in other studies, higher grade tumor has been introduced as a prognostic factor for survival. [43] [44] [45] In a study by Rezaianzadeh et al., 38 the hazard of death was double with the increase in tumor grade. In a review of the literature published between 1995 and 2006, Soerjomataram et al. 37 concluded that tumor grade is one of the most important factors in the long-term survival of breast cancer patients. Grade 3 malignancy shows no distinction between cancer cells and healthy cells, which is an indication of the spread and growth of cancer cells.
The average age of the patients was 48.86 years, which is similar to other studies in Iran that have reported an average age of breast cancer patients between 45 and 50 years, 34 and this is lower than those in Western Europe and North America. 46 In the present study, age was recognized as a prognostic factor for survival in 2 centers and suggested that increasing age increases the hazard of death. Previous studies have reported different outcomes about the significance of the effect of age. 47, 48 Heydari studied the 5-, 10-, and 15-year survival rate in breast cancer among 863 patients who referred between 2001 and 2006. In their study, the age of breast cancer diagnosis was 46.3 years and the survival rate had a significant negative relation to the age of diagnosis. 47 The size of the tumor and recurrence were significant only at center C that indicated an increase in tumor size and recurrence increases the hazard of death. Many studies have identified these factors as risk factors for death in breast cancer. 44, 49 One of the reasons for the insignificance of tumor size in the other centers could be that any size of the tumor has been dissected in the surgery, and if the large size of the tumor was indicative of the progression of the disease, this could be expressed by factors such as the grade of the tumor.
One of the limitations of this study was failure to measure some variables, such as family history, marital status, estrogen and progesterone receptors, and other factors addressed in all health studies, and because of this reason, it was not possible to be analyzed in our multicenter study.
Based on this multicenter study, the type of surgery, number of lymph nodes involved, metastasis, radiotherapy, and the tumor grade are the prognostic factors survival in breast cancer. Consequently, early diagnosis of cancer before the involvement of lymph nodes and the onset of metastasis and timely treatment can lead to longer life and increase the quality of life for patients. Also, the significance of frailty term showed there was significant variability between the centers.
